Membranes ofAcholeplasma laidlawii were used to determine the membrane components involved in immune lysis and to eventually detect enzymatic changes in the membrane components during this reaction. In a previous publication we reported that A. laidlawii can be killed by antibody and complement and that antibodies to membrane proteins are by far more effective than antibodies to membrane lipids in the complement-dependent killing of this organism. In this report we demonstrate that membrane damage occurs after the combined action of antibody and complement. In addition, the cytoplasmic enzyme hexokinase is released during immune killing. As visualized by electron microscopy, the organisms lost their cytoplasm and were transformed into ghosts. In the majority of organisms, tears in the membrane could be seen. Ultrastructural lesions of about 8.0 to 10 nm in diameter were visible when the organisms were incubated with antiserum and complement. 14C-labeled fatty acids were incorporated during growth into A. laidlawii membrane lipids. After incubation of labeled organisms with antiserum and complement, release of radioactive material into the supernatant and changes in the lipid composition were not observed. Enzymatic degradation of membrane lipids of A. laidlawii during immune lysis was not detected.
Immune killing of microorganisms is considered to be an important mechanism of host defense against infections. The factors involved in this process have therefore drawn considerable attention. The major emphasis of studies dealing with immune lytic mechanisms in the past has been directed towards isolation of complement components and establishment of the order in which they react to produce a structural defect in cell membranes (13, 14, 18, 19) . Understanding of complement-mediated membrane damage, however, also depends on knowledge about changes involving the membrane components that participate in this phenomenon and the manner in which these are organized in cell membranes before and after lysis. Studies by Kinsky et al. (7, 9, Kinsky 's experiments also show that an enzymatic attack on membrane lipids was not detectable. However, it is questionable whether findings on model membranes can be applied to natural membranes. In addition, studies on these models are of limited value for the understanding of host defense mechanisms.
Therefore, we have used mycoplasma membranes to determine the membrane components involved in immune lysis and to eventually detect enzymatic changes in the membrane components during this reaction. Mycoplasma membranes can easily be obtained and the membrane components can be labeled in vivo using radioactive precursors (16, 17, 20) . In a previous publication we reported that A. laidlawii can be killed by antibody and complement and that antibodies to membrane proteins are by far more effective than antibodies to membrane lipids in the complement-dependent killing of this organism (4) . In 13, 1976 buffer. After dissolution the radioactivity was measured in a liquid scintillation counter. To calculate the amount of incorporated "4C-labeled fatty acids per milligram of protein the method of Lowry et al. (15) was used to determine the protein concentration.
Membrane lipids were extracted with chloroformmethanol (2:1, vol/vol). Aliquots were transferred to activated silica gel plates for thin-layer chromatography in two solvent systems. System 1 consisted of petrolether-ether-acetic acid (90:10:1 or 70:30:1, vol/ vol) and system 2 consisted of chloroform-methanolwater (65:25:4 or 70:30:5, vol/vol). Solvent system 1 separates cholesterol, fatty acids, and mono-, di-, and triglycerides, whereas the more polar lipids remain at the start. Solvent system 2 separates the more polar lipids. The lipid spots were visualized with iodine vapor and identified according to their Rf values and their stainability by different spray reagents (10, 23) . The spots on the silica gel plates were scraped off and transferred to scintillation vials, and their radioactivity was determined.
Treatment of labeled A. laidlawii with antiserum and complement. (i) Release of radioactivity. Washed A. laidlawii organisms, the membrane lipids of which were '4C-labeled, were incubated with antiserum to whole organisms for 1 h at 4 C. Fresh, absorbed GPS was then added and the mixture was incubated for 1 h at 37 C. After centrifugation at 36,000 x g for 20 min, the supernatant fluids were filtered (100-nm pore size membrane filter, Millipore Corp.), and the radioactivity in the supernatant in the filtrate and on the filter was determined. Controls containing antiserum alone, complement alone, and buffer alone were included in each test.
(ii) Changes in lipid composition. "4C-labeled organisms were treated with antibodies and complement as described above. After centrifugation of the reaction mixtures at 36,000 x g for 30 min, the pellets were washed twice with TES-buffered saline. Lipids were extracted from the pellets with chloroform-methanol (2:1, vol/vol). After evaporation of the solvent under N2, the crude lipid material was resuspended in 0.1 ml of chloroform and separated on thin-layer plates coated with silica gel as described above. After impregnation with Neatan (Merck, Darmstadt), the silica gel sheet was removed from the plate and cut into longitudinal strips, and the radioactivity was measured in a paper chromatogram scanner LB 280 (Berthold, Electron microscopy. In thin sections, A. laidlawii organisms were polymorph, filled with ribosomes, and surrounded by a triplelayered membrane (Fig. 1) . Addition of specific antibodies againstA. laidlawii brought about a rapid and dramatic change in the morphology of most cells, provided GPS was also added (Fig. 2) . The organisms lost their cytoplasm and were transformed into ghosts. In the majority of organisms defects in the membrane could be seen. External material adhering to the (Fig. 2) . This material was also seen on the surface of organisms after treatment with antiserum alone, but no morphological changes indicative of lysis could be detected (Fig. 3) . Since similarly large amounts of material on organisms suspended with complement or buffer alone were absent, this external material was presumably antibody.
After negative staining, untreated organisms appeared polymorph with numerous filaments. After addition of specific antibodies and complement a different morphology of the cells occurred. The organisms showed a round appearance and were transformed into large ghosts, as already visualized in thin sections. The membranes of the ghosts contained large holes of irregular shape and size with loss of cytoplasmic constituents. Additionally, ultrastructural lesions of about 8.0 to 10.0 nm in diameter were visible (Fig 4) . The appearance of these "holes" was similar to those described for other biological membranes and for Mycoplasma pneumoniae exposed to specific antibody and complement (2, 6, 8 (Fig. 5) . However, organisms grown in a medium supplemented with 20 ,uCi of fatty acids per 100 ml of medium released a considerable amount of the activity when resuspended several times in buffer. This was not the case when the organisms were grown in 10 ,UCi of 14C-labeled fatty acids per 100 ml of medium. These findings indicate that some fatty acids were adsorbed on the membranes but not incorporated into membrane lipids. Therefore, organisms grown in medium supplement with 10 ,Ci of fatty acids per 100 ml of medium were used for further experiments.
The distribution of radioactivity within various lipid fractions of A. laidlawii as determined by thin-layer chromatography is shown in Table 2 . Most of the incorporated fatty acids (38%) were recovered in phosphatidylglycerol. Neutral lipids were not labeled.
Effect of antiserum and complement on 14C_ labeled A. laidlawii. After incubation of labeled organisms with antiserum and complement, no release of radioactive material into the supernatant fluid was observed. After separation by thin-layer chromatography the lipid spots were detected with iodine and identified by comparing their Rf values with unlabeled A . laidlawii lipids. Neither free fatty acids nor dior monoglycerides were detected in the radiochromatograms ( Fig. 6 and 7) . No lysocompounds (lysoglycolipids, lysophospholipids) were found. There were no differences in the lipid pattern between organisms incubated with antibodies and complement in comparison to the control reactions (Table 3 ). The variation of lipid determinations within different experiments did not exceed 2%. sphingomyelin of high specific activity isolated from rat liver to prepare liposomes sensitized with either Forssman antigen or globoside. After the action of antibody and complement on these liposomes, 50 to 80% of their trapped glucose was released but the appearance of any radioactive phosphatidic acid, phosphorylceramide, phosphoryl choline, lysolecithin, glycerylphosphorylcholine, or sphingosylphosphorylcholine was not detected. In contrast, phospholipase A or C caused degradation of 30 to 50% of the phospholipid. The authors conclude from their experiments that complement does not act on liposomes similar to enzymes involved in phospholipid catabolism.
Our results onA. laidlawii extend these findings by showing that neither phospho-nor glycolipids of the membrane show detectable enzymic degradation. It must, however, be pointed out that these conclusions are based on negative findings and are therefore subject to the sensitivity of the assay methods used.
Experiments on membrane proteins of A. laidlawii are now in progress in our laboratory to study the possibility that changes in the protein composition of the membrane occur after action of antibody and complement. Polley et al. (21) have recently shown that lesions are already demonstrable on sheep erythrocyte membranes after reaction with Cl through C5 and are not increased in number upon addition of C6 through C9. It would therefore be of considerable interest to study the effect of purified complement components on A. laidlawii together with antibodies to various membrane fractions of the organisms.
